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(57) ABSTRACT 
A tracking regulator for use in a dual output converter 
circuit controls the output signal balance by controlla 
bly storing energy and discharging it into the load to 
maintain signal balance. An energy storage device 
coupled with each output is selectively charged via a 
controlled charging path, which is responsive to the 
monitored output balance. The stored energy is dis 
charged into the appropriate output of the converter 
in order to restore the signal balance. 

7 Claims, 3 Drawing Figures 

  





3.886,436 2 SHEET 
| D:AY 27 1975 PAEN 

83 183AN; 

  

  



3,886,436 

REGULATOR TO CONTROL TRACKING OF DUAL 
OUTPUT CONVERTER 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to voltage regulated power 

supplies having dual outputs of opposite polarity. The 
invention is specifically concerned with a tracking reg 
ulator to balance the magnitudes of the dual polarity 
output voltages of a voltage regulated converter circuit. 

2. Prior Art 
Dual polarity output regulators to provide positive 

and negative voltages of equal magnitude require a 
tracking control to balance the two output voltages. 
Both voltages must be regulated so that both outputs 
are of equal magnitude. In addition, the total voltage 
sum of the dual outputs must be regulated. In the in 
stance of a voltage regulated dual output converter cir 
cuit, the dual outputs may be controlled to track each 
other by utilizing a series type dual polarity voltage 
tracking regulator inserted between the converter out 
put and the load to be energized. Such a dual polarity 
series tracking regulator is disclosed in U.S. Pat. No. 
3,571,604, issued to F. C. La Porta et al. on Mar. 23, 
1971 and assigned to the same assignee as herein. 
The dual polarity tracking voltage regulator de 

scribed therein comprises a series regulator to regulate 
the voltage of one polarity by comparison to a fixed ref 
erence voltage. The output voltage of the opposite po 
larity is regulated by responding to the difference in 
magnitude between the opposite polarity voltages and 
utilizing this difference to regulate the voltage of the 
opposite polarity. 
Another method of controlling dual output voltages 

to track each other is to deflect unbalanced currents to 
ground. A typical arrangement utilizing this technique 
is disclosed by J. M. Kasson in an article entitled "Volt 
age Splitter Balances Floating Power Supply' pub 
lished in Electronics, Mar. 21, 1966. In this circuit a dif 
ferential amplifier responsive to an imbalance of the 
dual polarity output voltages controls gated current 
paths to conduct the resulting unbalanced current to 
ground and hence restore the output voltage balance. 
Both the above tracking regulator arrangements bal 

ance the dual polarity output voltages through internal 
power dissipation therein to restore the voltage bal 
ance. This seriously reduces the overall operating effi 
ciency of the regulator. This in turn reduces the power 
range in which dual tracking regulation may be 
achieved. 

It is therefore an object of the invention to regulate 
tracking of a dual output converter with minimal inter 
nal dissipation of power. - 

It is another object of the invention to regulate the 
tracking of a dual output converter over a wide power 
range. 

BRIEF DESCRIPTION OF THE INVENTION 

In accordance with the invention, a tracking regula 
tor compensates for imbalance in the output of a dual 
output converter by supplying current signals to cor 
rect for the voltage imbalance. The tracking regulator 
is connected between the converter's rectifier and the 
output filter. The tracking regulator monitors the bal 
ance of the output voltage and utilizes the monitored 
voltage balance to control energy storage in two capac 
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2 
itive storage devices. A capacitive storage device is 
connected to each of the outputs. The amount of en 
ergy stored is controlled by controlling the impedance 
of the charging path to the capacitive storage device in 
response to the output voltage imbalance. The control 
lable impedance may comprise transistors whose con 
ductivity is controlled by an error signal which is re 
sponsive to the voltage imbalance at the dual outputs. 
This voltage imbalance is monitored by a differential 
amplifier having one input connected to a reference 
voltage and the other input connected to the center of 
a voltage divider shunting the two output voltage termi 
nals of the converter. Energy is stored in the capacitive 
storage device during the rectified pulse output of each 
output rectifier terminal and then the energy is dis 
charged into the output terminal, via an output filter, 
and a diode gate immediately following the pulse. 
As is apparent from the foregoing, the prior art cir 

cuits dissipate unbalanced currents in order to establish 
voltage balance at the dual outputs. The present inven 
tion stores the unbalanced current output of the con 
verter during the pulse output thereof and then subse 
quently gates it into the load circuit in order to reestab 
lish the output voltage balance. 
An advantage of the above tracking regulator ar 

rangement is that it permits a current regulation 
scheme to operate from the primary side of the con 
verter transformer since there are no series regulating 
impedances in series with the output load current. 

BRIEF DESCRIPTION OF THE DRAWING 

Further objects, features, and advantages of the in 
vention will become apparent from the following de 
tailed description, taken together with the drawing, in 
which: 
FIG. 1 is a partially schematic and partially block dia 

grammatic illustration of an embodiment of the inven 
tion; 
FIG. 2 is a diagram of a voltage waveform illustrating 

the operation of the tracking regulator, and 
FIG. 3 is a partially schematic and partially block dia 

grammatic illustration of another embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODEMENT 

In the DC to DC converter circuit of FIG. 1 an in 
verter circuit 10 having two oppositely phased switch 
ing transistors 11 and 12, driven by a pulse generator 
13, via a switching control circuit 14, inverts a DC sup 
ply voltage applied at the input terminals 15 and 16. 
The driven switching transistors 11 and 12 generate a 
square wave voltage in the series connected primary 
windings 18 and 19 of the transformer 20. The alter 
nately phased square wave pulses appear across the se 
ries connected secondary windings 21 and 22, respec 
tively. The center tap 17 of the secondary windings is 
connected to ground. The positive pulse signals are 
transmitted, via rectifying diodes 23 and 24 and the fil 
ter inductor 25, to the positive output terminal 26. The 
negative pulse signals are transmitted, via the rectifying 
diodes 27 and 28 and the filter inductor 29, to the nega 
tive output terminal 30. The output signals at the posi 
tive and negative output terminals 26 and 30 are refer 
enced to the grounded output terminal 31. 
The absolute voltage difference between the output 

terminals 26 and 30 is controlled by the voltage regula 
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tion control 33 whose two input leads 34 and 35 are 
connected to the output terminals 26 and 30, respec 
tively. The voltage regulation control 33 compares this 
absolute difference voltage with a reference voltage 
and generates control signals which are applied, via 
leads 36 and 37, to the switching control 14. The volt 
age regulation control 33 may comprise a reference 
voltage and a comparator circuit and a modulated 
pulse generator responsive to the comparator. The 
Switching control 14 may comprise a gating circuit ar 
rangement which steers the driving pulse output of the 
pulse generator 13 to alternately bias the switching 
transistors l l and 12 conducting. The driving pulse du 
ration is controlled in response to the modulated pulse 
signals on leads 36 and 37 which determine the time 
duration that the gates of the switching control actually 
conduct. it is apparent from the foregoing that the 
modulated pulse signals on leads 36 and 37 control the 
switching control 14 to pulse width modulate the driv 
ing pulse output of the pulse generator 13 in order to 
regulate the absolute sum voltage output of the con 
verter. Such voltage regulation arrangements are well 
known to those skilled in the field of converters and a 
detailed explanation thereof is not believed necessary. 
The sum of the positive and negative voltage outputs 

of the converter is regulated as described hereinabove 
by controlling the duty cycle of the inverter 10. How 
ever, the individual magnitudes of the positive and neg 
ative output voltages may become unequal. The volt 
age drops across the rectifying diodes or across output 
circuit impedances may differ. Hence, the respective 
positive and negative load currents may differ causing 
the positive and negative voltage to differ in magnitude 
even though the sum of these two voltages is regulated. 
The respective magnitudes of the positive and nega 

tive output voltages are balanced by a tracking regula 
tor circuit 50 connected between the rectifier and out 
put filter of the converter. The tracking regulator cir 
cuit 50 comprises a voltage divider including the resis 
tors 51 and 52 which are of equal impedance. The re 
sistors 51 and 52 are connected in series and the series 
connection is connected across the positive and nega 
tive output terminals 26 and 30. An operational com 
parator amplifier 55 has its inverting input 54 con 
nected to the center tap 53 of the voltage divider. The 
noninverting input 56 of the operational comparator 
amplifier 55 is connected to the reference ground of 
terminal 31. A series connected storage capacitor 60 
and diode 61 connect the positive lead 40 to the ground 
of terminal 31. A series connected storage capacitor 62 
and diode 63 connect the negative lead 41 to the 
ground of terminal 31. An NPN transistor 65 is shunted 
across the diode 61 and connects the storage capacitor 
60 to the ground of terminal 31. A PNP transistor 70 
is shunted across the diode 63 and connects the storage 
capacitor 62 to the ground of terminal 31. The output 
of the operational comparator amplifier 55 is con 
nected, via the resistors 57 and 58, to the base elec 
trodes of the transistors 65 and 70, respectively. 
The operation of the tracking regulator may be 

readily understood by describing the response of the 
tracking regulator to an imbalance in the positive and 
negative output voltages of the converter. 
Assume, for example, that the magnitude of the posi 

tive voltage at terminal 26 has decreased below the 
magnitude of the negative voltage at terminal 30. The 
voltage change may be due to an inequality of the load 
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4 
currents. This inequality of load currents may be due 
to unequal loads, unequal rectifier drops, or unequal 
line impedances, for instance. These internal voltage 
drops are illustrated by the shaded areas 100 and 200 
in the waveforms V and V shown in FIG. 2. The wave 
form V represents the unfiltered voltage on lead 40 
and the waveform V, represents the unfiltered voltage 
on lead 4. 
Normally when the positive and negative outputs are 

equal, the center tap 53 of the voltage divider is at 
ground potential. Since the sum of the voltages at ter 
minals 26 and 30 is regulated, a drop in one voltage will 
increase the magnitude of the voltage of the other po 
larity. In the present example the voltage at center tap 
S3 will become negative with respect to ground. The 
output of the operational amplifier 55 will be positive 
with respect to the ground reference voltage level since 
ground is connected to the noninverting input and the 
center tap 53 is connected to the inverting input. This 
signal is applied, via resistors 57 and 58, to the base 
electrodes of the transistors 65 and 70, respectively. 

it is apparent from the foregoing that the transistor 
65 is biased conducting and the transistor 70 is biased 
nonconducting. The lead 40, capacitor 60, and the con 
ducting transistor 65 create a charging path for the ca 
pacitor 60. This charging occurs during the positive 
pulse output of the diodes 23 and 24. The transistor 70 
is nonconducting and the capacitor 62 is not charged. 
Due to the higher voltage drops and increased load 

currents in the positive output circuit of the converter, 
the shaded area 100 in waveform V exceeds the 
shaded area 200 in waveform V. Hence, the average 
positive voltage V is less in magnitude than the aver 
age negative voltage V. in the instant embodiment the 
capacitor 60 is charged a sufficient amount to offset the 
difference between the voltage time areas 100 and 200. 
The voltage level to which capacitor 60 is charged is 
shown by the voltage level 102 in Flo. 2. The area of 
voltage time discharge is shown by shaded area 103 in 
FIG. 2. The area 103 is equal to the difference between 
the areas 100 and 200. 
As described above, during the positive pulse output 

the capacitor 60 is charged to the voltage level 102 
which is determined by the difference between the volt 
age areas 100 and 200. During this charging process 
the diode 61 is reverse biased. At the termination of the 
positive pulse the current inertia of the filter inductor 
25 attempts to maintain the same current by acting as 
a current source. The inertial current action of the in 
ductor 25 forward biases the diode 61. This completes 
a discharge path from ground to the output terminal 26 
via the diode 61, the capacitor 60, and the filter induc 
tor 25. The amount of charge discharged into the load 
is shown by the shaded area 103 which, as described 
above, is sufficient to restore the voltage balance be 
tween the positive and negative outputs. 

It is apparent from the foregoing that should the posi 
tive voltage output exceed the negative voltage output 
the transistor 70 is biased into conduction. The capaci 
tor 62 is charged and discharged into the negative out 
put terminal 30 to restore the voltage balance. 

It will be apparent to those skilled in the art that 
while the invention herein is particularly useful in 
maintaining balanced voltage outputs, it may also be 
used to maintain specific voltage ratios. In this instance 
the impedance ratio of the resistors in the voltage di 
vider would be the same as the voltage ratio desired. A 
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regulator embodiment to maintain a voltage ratio is dis 
closed in FIG. 3. The two output voltages of opposite 
polarity are to be maintained at a fixed ratio. The mag 
nitude of the positive voltage at output terminal 71 is 
to be less than the magnitude of the negative voltage at 
output terminal 72. The impedance ratio of the resis 
tors 73 and 74 reflect the voltage ratio to be main 
tained. The impedance of resistor 74 is greater than the 
impedance of resistor 73. 
The inverter output transformer is wound so that the 

average value of voltage V is slightly less than the de 
sired output voltage. Hence an asymmetrical tracking 
regulator 70 may be utilized. The storage capacitor 75 
is charged, via transistor 76, during each positive pulse 
output and discharged via diode 77 and filter inductor 
78 immediately following each pulse to maintain the 
desired voltage ratio at the output terminais 7 and 72. 
While two specific examples of the invention have 

been disclosed, many variations will be apparent to 
those skilled in the art without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. In a converter circuit including dual output means 

comprising rectifier means and filter means, 
a tracking regulator comprising, 
means to monitor the output signal ratio of the dual 
output means, 

energy storage means coupled to said dual output 
means at a junction of said rectifier means and said 
filter means, 

charging control means responsive to said means to 
monitor to control the charging of Said energy Stor 
age means, and 

gating means connected in series with said energy 
storage means, said gating means responding to a 
voltage induced by said filter means to discharge 
the energy stored in said energy storage means into 
at least one of said dual output terminals to main 
tain the desired output signal ratio. 

2. A converter circuit as described in claim 1 wherein 
said energy storage means comprises, a first capacitor 
coupled to one of said dual output means and a second 
capacitor coupled to the other of said dual Output 
means, and said means to monitor comprises, a voltage 
divider shunting the dual output means and a compara 
tor amplifier connected to compare the midpoint volt 
ages of the voltage divider with respect to ground, and 
a first and second transistor responsive to said compar 
ator amplifier and connected to complete a charging 
path for said first and second capacitors, respectively. 

3. Apparatus to regulate tracking in a dual polarity 
output power supply having output rectifiers, dual out 
put filters, and dual output terminals, a common refer 
ence terminal, means to monitor the magnitude bal 
ance of the dual polarity voltages of the dual output ter 
minals with respect to the common reference terminal, 
a first and second energy storage means connected to 

said dual output filters and said output rectifiers, 
means responsive to said means to monitor to control 
the charging of said first and second energy storage 
means from said rectifiers, 

first and second gating means connected to said first 
and second energy storage means and responsive to 
voltages induced by said dual output filters to en 
able the discharge of said first and second energy 
storage means into said dual output terminals to 
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6 
maintain the magnitude balance of the dual polar 
ity voltages. 

4. Apparatus as described in claim 3 wherein said 
means to monitor comprises, a voltage divider shunted 
across the dual output terminals and a comparator am 
plifier connected to the midpoint of said voltage divider 
and to the common reference terminal of said dual out 
put terminals and said responsive means comprising, 
first and second transistors of opposite polarity type re 
sponsive to the output of said comparator amplifier. 

5. A tracking regulator to maintain a fixed ratio be 
tween the dual output voltages of a dual output power 
supply generating dual pulse outputs which are coupled 
to dual filtering means, and dual output terminals con 
nected in series, said tracking regulator comprising, 
means to monitor the ratio of the dual output volt 
ages including a common reference terminal and 
dual impedances in the desired ratio interconnect 
ing the dual output terminals, at least an energy 
storage device coupled via at least one of said dual 
filtering means to the one of the dual output termi 
mals having the lesser magnitude, 

means to compare the ratio of the dual output volt 
ages with the voltage drop ratio across said dual im 
pedances, 

charging control means responsive to said means to 
compare the ratio to control the charging of said 
energy storage device by said pulse outputs, and 

gating means to discharge the energy Stored in said 
energy storage device into the one of the dual out 
put terminals having the lesser magnitude to main 
tain the said fixed ratio. 

6. A tracking regulator to maintain a balance be 
tween the dual output voltages of a power supply hav 
ing dual output terminals of opposite polarity compris 
ing, 
means to monitor the balance of the dual output volt 
ages including a common reference terminal and 
two series connected impedances of equal value 
connected at a common junction, said series con 
nected impedances interconnecting the dual out 
put terminals of said power supply, 

a first and second energy storage capacitor respec 
tively coupled to each of said dual output termi 
nals, 

means to compare the voltage at the common unc 
tion with the voltage at the common reference ter 
minal, 

charging control means including a first and second 
transistor coupling said first and second energy 
storage capacitors to said common reference ter 
minal, said first and second transistors being Te 
sponsive to said means to compare to control the 
charging of said first and second energy storage ca 
pacitors, respectively, and 

gating means to discharge the energy stored in said 
first and second energy storage capacitors into one 
of said dual output terminals in order to maintain 
said voltage balance, said gating means comprising 
first and second diodes connected in series with 
said first and second energy storage capacitors and 
said dual output terminals, respectively. 

7. A power supply comprising, a source of pulse sig 
mals of one polarity, a second source of pulse signals of 
the opposite polarity, first and second filter means to 
derive DC signals of opposite polarity from said first 
and second pulse signals, first and second output termi 
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mals connected to said first and second filter means, a 
common reference for said first and second output ter 
minals, a first capacitor and a first diode connected in 
series and connecting said source of pulse signals of 
one polarity to said common Teference, said first diode 
poled to conduct current in response to said first filter 
means, a first transistor of one polarity type shunting 
said first diode and having its conductivity direction op 
posite to that of said first diode, a second capacitor and 
a second diode connected in series and connecting said 
second source of pulse signals of the opposite polarity 
to said common reference, said second diode poled to 
conduct current in response to said second filter 
means, a second transistor of an opposite polarity type 
shunting said second diode and having its conductivity 
direction opposite to that of said second diode, a volt 
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8 
age divider having a first and Second impedance of 
equal magnitude connected in Series and interconnect 
ing said first unu Second output terminals, a compara 
tor amplifier having a first input connected to said com 
mon reference and a second input connected to the 
junction of said first and second impedances, the out 
put of said comparator amplifier being connected in 
p:Tallel to the control electrode of said first and second 
transistors whereby in response to unequal signal mag 
nitudes at said first and second output terminals one of 
said transistors is biased conducting to charge one of 
said capacitors and the series connected one of said di 
odes is biased conducting by the filter to discharge the 
capacitor into an output terminal to restore the balance 
of magnitudes. 
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